Three strawberry cultivars, Elsanta, Kama and Vanda, were used. Meristem tissues were obtained from the Fruit Research and Breeding Institute, Holovousy Ltd., Czech Republic, and grown in a greenhouse.
Strawberry plants (with four to five leaves) were inoculated by immersing roots in a mycelial and conidial suspension of the pathogen (10 4 propagules/ml, 50 ml/plant) for 24 h at 20-22°C in a light chamber. Six isolates of Colletotrichum acutatum (CA), as well as isolates of other Colletotrichum species were used (Table 1) . Control plants were immersed in distilled water. All plants were subsequently placed separately in sterile water at 24°C. Immunotests were carried out after 4-7 d. The infection of plants (visual symptoms) was evaluated 8-12 d after inoculation by determining the presence or absence of lesions on petioles and leaves, wilting or drying of leaves and flowers.
Fruits were inoculated by injecting the inoculum (5 µl) under the calyx or on the surface of ripe fruits. Inoculated fruits were placed separately in a sterile thermostat (22ºC). Immunotests were carried out 1-4 d after inoculation.
Pathogen material. Six isolates of Colletotrichum acutatum, one isolate each of C. coccodes, C. dematium, C. fuscum, C. gleosporoides, C. lindemuthianum, C. musae, Botrytis cinerea, Phytophthora fragariae, P. cactorum, Pythium ultimum and Verticillium albo-atrum were cultivated on Czapek Dox medium at 22°C in Petri dishes. For re-isolation from infected plant material we used also Czapek Dox medium. Isolates were obtained from the Collection of the University of Salamanca, Spain; Collection of Microorganisms, Brno, CR; Collection of the Charles University, Prague, CR; and the Collection of Fungi, RICP Prague, CR (Table 1) . Pathogenicity of CA isolates and other Colletotrichum species was evaluated by the frequency of symptoms on cv. Elsanta (Table 2) .
Preparation of antigens. Purified soluble protein extracts were prepared from lyophilised mycelial mass (conidia and mycelium) according to KRÁTKÁ et al. (1996) ; 1mg of mycelial mass/3 ml PBS was used. Antigens for preparation and testing of antibodies were prepared from all isolates of Colletotrichum species, those of Botrytis cinerea, Phytophthora spp., Pythium ultimum, Verticillium albo-atrum, and from strawberry fruits attacked by Botrytis cinerea.
Preparation of plant extracts. Extracts from petioles and roots were prepared 7 d after inoculation. The surface of the plant parts was sterilised by immersing them in aseptic solution SAVO (Biochemie) containing 47.2 g per l NaClO, then in 96% alcohol, and finally in sterile distilled water (SDW). Petioles, crowns and roots were sampled from three plants. Petioles were cut into three parts (each approx. 3 cm long). One gram of each of the plant parts was frozen in liquid nitrogen and homoge- nised with 3 ml of PBS containing 2% polyvinylpyrolidine (pH 7.2). Homogenates were extracted for 24 h at 4ºC and centrifuged (5000 g, 10 min at 4ºC). The extracts were used for PTA-ELISA and dot blot. Tissues from fruits were sampled 1-4 d after inoculation. The surface of fruits was sterilised by 15% SAVO and in SDW. Fruits were cut up into two or three parts (basal, medium and tip). One gram of each of the tissues was homogenised in 5 ml of PBS containing 2% of polyvinyl pyrolidine (pH 7.2). Homogenates were extracted for 24 h at 4ºC and centrifuged (5000 g, 10 min at 4ºC). The extracts were used for PTA-ELISA. A diagonal cut through the tested part of fruits was directly printed on a nitro-cellulose membrane.
Preparation of polyclonal antibodies. Antigens isolated from the mycelial mass of a CA isolate were used for immunisation. Laboratory rabbits (Chinchilla grandis) were immunised by intramuscular injection with 1ml of antigen (antigens contained 1401-1662 µg of proteins per dose, respectively). The first injection included Freund's complete adjuvant (day 1), subsequent injections included Freund's incomplete adjuvant (days 14, 21, 28, 35) . Blood was sampled three times at weekly intervals. Antisera titres were evaluated by PTA-ELISA. IgGs were isolated by precipitation with ammonium sulphate and subsequent ion-exchange chromatography on DEAEmatrix (HARLOW & LANE 1988) .
Preparation of monoclonal antibodies. Female Balb/C mice 15-20 weeks old were given five intraperitoneal injections of 250 µg purified soluble proteins at two-week intervals. The antigen A 200 was emulsified with Freund's complete adjuvant, and with Freund's incomplete adjuvant for subsequent injections. Three days after the sixth injection containing 300 µg of protein without adjuvant, the mice splenocytes were fused with Sp2/0 myeloma cells. Monoclonal antibodies were prepared and tested according to PEKÁROVÁ et al. (2001) . Antibodies (class IgG) were purified from supernatants of hybridoma cultures growing in vitro using caprylic acid (VIK-LICKÝ 1987).
PTA-ELISA. PTA-ELISA was used according to KRÁTKÁ et al. 1996 (polyclonal antibodies) , and according to PEKÁROVÁ-KYNĚROVÁ & KUTÍKOVÁ 1999 (monoclonal antibodies).
Immunoblot (tissue immunoprint and dot blot). The tests were done according to PEKÁROVÁ-KYNĚROVÁ & KUTÍKOVÁ (1999) and KRÁTKÁ et al. (2000) .
Immunofluorescent microscopy. The tests were performed according to KRÁTKÁ et al. (2000) .
RESULTS

Description of antibodies, specificity and sensitivity.
In preliminary experiments we found that antigen A 200 (mixture of isolates 12A and 12C) was the best immunogen. Using this antigen, we prepared four polyclonal and two monoclonal antisera. All prepared antisera were genus-specific, but only one polyclonal antiserum, IgG K91, showed high sensitivity and was suitable for subsequent tests.
The titre of this antibody, as evaluated by PTA-ELISA, was 1:50 000 using an antigen containing 10 µg of CA protein extract per ml. Fig. 1 . shows a hyperbolic response curve obtained with purified CA antigen at a concentration of 1-500 µg protein/ml and antibody IgG K91 at a concentration of 1µg per ml in ELISA. The best fit was obtained by a logarithmic model: y = 0.648 × ln (x) -0.376, from which it is apparent that the highest rate of absorbance is between 0-50 µg/ml.
Using PTA-ELISA and dot blot we found that IgG K91 was genus-specific and did not show cross-reactions with other fungi pathogenic on strawberry (Figs. 2 and 3) .
Fluorescent microscopy was sensitive enough to recognise conidia of CA (Fig. 9) . The concentration of antigen in PTA-ELISA and dot blot was 10 µg/ml. The optimal concentration of IgG K91 for PTA-ELISA and dot blot was 1 µg/ml, for the immunofluorescent microscopy it was 4 µg/ml. (Table 1) ; at this time there were no visible symptoms. In petioles the infection was detected only in cv. Elsanta (Fig. 4) . Similar results were obtained using dot blot (Fig. 5) . Extracts of plant samples were used in both techniques.
Infection was manifested by the appearance of lesions on petioles, wilting of leaves or flowers and their gradual drying (spreading from dried spots) (Table 2) .
Using PTA-ELISA we detected CA (all isolates) in the basal part of fruits from 1 to 4 d after inoculation. The positive reaction was confirmed by immunoprint of a cut at one-third of the fruit (Figs. 6 and 7 ). Symptoms were not visible at this time. They appeared quickly within a day in inoculated fruits.
In fruits, watery and often brown spots turned up first at the site of inoculation but within the next day the spots enlarged. As the first symptoms appeared (about 8 d after inoculation) no immunotests were carried out.
Inoculation of plants and fruits of cv. Elsanta with other Colletotrichum species showed symptoms very similar to one another, except for C. dematium and C. lindemuthianum which gave no symptoms.
The presence or absence of the pathogen was confirmed by its re-isolation from plant parts that appeared to be infected. The fact that other species of the genus Colle- 1 After previous re-isolation from a strawberry plant Assessed 10 d after inoculation, 10 plants were used for every isolate *symptoms on up to 50% of plants; **symptoms on more than 50% of plants Antigen at concentration 2, 20, 200, 700 and 1400 µg/ml, respectively totrichum also infect strawberry was used to gauge the genus-specificity and sensitivity of the antibodies. The presence of Colletotrichum species was detected by means of immunoprint in inoculated plants and fruits when no symptoms were visible (Fig. 8.) . In all tests we used IgG K91 at a concentration 1 µg/ml and 250 mU/ml of sheep anti-rabbit IgG coupled with alkaline phosphatase. In dot blot we applied 2 µl of extracts on a nitro-cellulose membrane.
Based on the results obtained at different concentrations using ELISA we conclude that a positive reaction of antibody with antigen occurs when A 405 > 0.12-0.15.
DISCUSSION
Its ability to cause a latent infection makes the genus Colletotrichum among the most important after-harvest pathogens. Identification of these pathogens is based on the morphology of the fungi growing on a natural substrate and on its appearance in culture. In some cases such information is augmented by data on host specificity. As a result of great variability in morphology, wide spectrum of hosts, and marked effect of abiotic factors (including geographical distribution) there have been many misidentifications. Therefore, taxonomists began to employ molecular methods in order to standardise the protocol used for reliable identification. There exists no suitable taxonomical system for this genus today (SUT-TON 1992; FREEMAN 2000; CANNON et al. 2000) .
Antibodies cannot be used for taxonomic purposes at present, as the majority of them are only genus-specific. But they can be used in plant protection to quickly detect latent infection in plants. For this purpose the identification of the fungal genus is often sufficient. Thanks to utilisation of modern methods and intensified taxonomical studies in recent years it is possible to expect clarification, which may allow a positive diagnosis of the causal organism (FREEMAN & RODRIGUEZ 1995; FREEMAN 2000) .
Surprisingly, we observed a rapid manifestation of symptoms after artificial inoculation of strawberry with various Colletotrichum species. This supports partly the fact that Colletotrichum species have a wide range of hosts, but since screening for pathogenity was not the aim of our study we did not analyse this aspect further. Instead, our results served to verify specificity and sensitivity of the prepared antibodies. Visual symptoms confirmed the presence of the fungi in plant tissue, which was analysed using immunotesting. Positive results were obtained with healthy-looking plants.
Colletotrichum acutatum has not yet been found in strawberry in the Czech Republic. We prepared the antibodies and performed tests on isolates coming from laboratory collections. Because CA is a quarantine pathogen, all our results are based on artificial inoculations in laboratory. BARKER et al. (1994) and COOK et al. (1995) dealt with the preparation of antibodies for the detection of C. acutatum. They found that an antibody prepared from a protein antigen extracted from spores may not detect the presence of the pathogen's mycelium. Therefore, the authors tested antibodies when antigen from sporulating or unsporulating cultures was used. The authors give much detailed information, showing that the preparation of suitable antibodies is not simple. They prepared genus-specific monoclonal antibodies, which were able to detect both mycelium and spores. We prepared antigens from cultures without previous selection of or restriction to sporulation. For the preparation of antigens we used a natural mixture of mycelia and spores grown on a culture medium. This fact may influence the individual quality, sensitivity and specificity of antibodies. We stemmed from a suggestion that selection and manipulation of the initial material may affect this variable pathogen even more, and thus lower the potential to detect it in a host.
Even though the initial material for the preparation of antigens and antibodies was quite rich, we obtained only one polyclonal antibody (K 91) that was able to detect the pathogen in tissues in a latent stage and did not crossreact with other fungal pathogens of strawberry.
Based on the results we summarise that a latent infection of strawberry by C. acutatum can be detected using antibody K 91. After artificial infection of roots we observed gradual presence of the pathogen in roots and crown, and in cv. Elsanta even in petioles although visual symptoms were not apparent. The utilization of immunotests is possible for the protection and certification of material for cultivation. Suitable techniques are PTE-ELISA, dot blot and immunoprinting.
Using artificially inoculated fruits we verified the possibility to detect the pathogen in tissues of the host. We assume that for ordinary practical use (detection of the latent stage of the pathogen) this mode is not suitable. Since visual symptoms of the disease appear rapidly after inoculation, immunodiagnosis of the pathogen in ripening fruits would not help to assure the health condition of strawberry. To verify the presence of the pathogen in tissues by means of antibodies it is advised to use at least two tests.
